In order to see whether the constructive force of the composite systems can be obtained along the line of thought of the intermediary vector boson, it is examined by using the field-theoretical technique whether the mass of an urbaryon-anti-urbaryon system can be obtained consistently or not; it is assumed that the constructive force between the urbaryon and anti-urbaryon is brought about by a vector boson and that the origin of the mass difference of the composite mesons is of the well-known T~ type. The result is that (1) it seems impossible to realize consistently the masses of both spin singlet and triplet mesons by means of one kind of vector boson, and (2) it seems impossiple to obtain consistently the masses of the 7t, K, 71 and X mesons even if there exist both U(3) octet and singlet bosons, but it is possible to obtain the masses of the p, K*, q; and ro mesons if the vector boson is a U(3) singlet. §I. Introduction A considerable progress in hadron physics has been made along the line suggested by the Sakata modeF) and its full-symmetry theory.
§I. Introduction
A considerable progress in hadron physics has been made along the line suggested by the Sakata modeF) and its full-symmetry theory.
)
Accumulation of the experimental data suggests the necessity of a certain modification of the model in which proton p, neutron n and A-particle are treated as basic particles, and the other particles and resonance states are com posed of the basic particles and their anti-particles.
Among various modifica'i-:>ns of the model, the eight-fold way-3) and the quark model 4 ) are considered to be s Jccessful and promising. A method of classification of elementary particles by means of the SU (6) symmetry is proposed by Gursey and Radicati 5 ) and Sakita. 6 ) The SU(6) symmetry is not compatible with the relativistic invariance and the non-relativistic approach has been proposed in order to clarify the dynamics of the composition.
>
In the non-relativistic approach, it is shown that particles in the ground state can be strongly bound and still move non-relativistically for the square-well potential and the exponential potential (in the latter case a little different criterion for the non-relativistic motion is used); however, this is not possible for a Yukawa potential, nor for· a purely attractive superposition of Yukawa potentials, nor for a Coulomb potential. s) On the other hand, it is shown that the non-relativistic approach gives results consistent with those of experimene) and that the shape of the potential is desirable to be of the square-well (or nearly =1=) Ph. D. thesis submitted to Hiroshima University. On the Constructive Force of the Composite System 126J square-well) type. 10 ) u~ual f1eld theory.
It is hard to obtain such a pot~ntial by means of the In view of the fact, some people may expect that the constructive force giving rise to the composite system of an urbaryon and an antiurbrrryon will be much different from the interactive force which may be obtain~d by the usual field-theoretical procedure. We do not oppose such an idea. But it seems important to examine whether the composite systems can be explained fieldtheoretically or not.
In this paper, in order to see whether the constructive force of the composite systems can be obtained along the line of thought of the intermediary vector boson, the two-body system of urbaryon and anti-urbaryon is discussed by using the field-theoretical technique, and it is examined whether the force of the composition can be given by the field-theoretical interaction. Here we assume that (1) the mesons are composed of an urbaryon (q) and an anti-urbaryon (q) as in the Sakata modeP) or the quark model 4 ) of Gell-Mann (the problem of the fractional charge and baryon number in the latter model being untouched), (2) the primary force between the urbaryon and anti-urbaryon is mediated by a vector boson (Bf.L) 11 ) and invariant under the U(3) group, (3) q, q and Bf.L can be treated field-theoretically, and ( 4) the symmetry-breaking interaction is of the T~ type which has often been used since the proposal cf Okubo. 12 ) In §2, we give the total Hamiltonian and then give the integral equations from which the masses of the mesons are to be determined. In §3, a qualitative discussion of the integral equations is given. In §4, numerical analysis is made to obtain the relation between the mass of mesons and the coupling constant g 2 /4rr, and the results are shown in the Figures. In §5, some remarks and discussion are g1ven. §2. The total Hamiltonian and integral equations
In this section, the total Hamiltonian of the urbaryon and anti-urbaryon system is introduced and then the integral equations for the system are given.
Let us first explain the terms used for the particles in this paper. An urbaryon (q) and an anti-urbaryon (q) mean respectively the basic particle and anti-particle by which the composite mesons are constructed. The composite meson is called a meson, and a vector boso:J. by which the constructive force between the urbaryon and anti-urbaryon is called a boson (Bf.L).
As is discussed in §1, it is assumed that the mesons are composed of an urbaryon and an anti-urbaryon as in the composite model of Sakata/) Gell-Mann 4 ) and others. Therefore, we use the same method as in the previous papers 13 ) to treat the bound system of an urbaryon and anti-urbaryon field-theoretically. For this purpose, we start with the following effective Hamiltonian: 2) and p denoting the kind, spin and momentum). u<:.)P and v<:?P are the usual Dirac spinors. Xp and GPCJ are constants characteristic of the group, their concrete expressions being given in Appendix I. L111-v is the principal part of the propagator of the vector boson, and oc:) and o~-) are given as follows:
where g and f are coupling constants between the boson and urbaryon, and m is the mass of the boson.
Next, in order to obtain the masses of the composite system we solve the eigenvalue problem of (2 · 1), i.e. where the eigenvalue E corresponds to the mass of the composite mesons.
Following the procedure of Ishida, 14 ) we expand the state vector ' fP in terms of the configuration of two-body states of an urbaryon and an anti-urbaryon. Then we obtain the integral equations, from which the eigenvalue, i.e. the mass ·of the system, is to be determined. The calculation is simple and is carried out in the same way as in the previous papers.13) Therefore we give only the results, which will be useful for the partial wave analysis.
a) Spin singlet state
where C 1 and C2 are constants corresponding to the U(3) octet and singlet mesons respectively and are given by c,~{-\-
is not a kernel in the usual sense but the term-"kernel" is used for simplicity) is given as follows:
where Q 1 (x) is the Legendre function of the second kind. 
b) Spin triplet state
where the constants C1 and Cz are the same as in the spin singlet state. The expressions· of the kernels K 1 (p, q) in the integrand can be given in the same way as in the spin singlet case but are omitted because they are lengthy. The masses of the n and K mesons are determined from Eqs. (2 · 4) and (2 · 5), if we put the total angular momentum J to zero. The masses of the r;
and X mesons are determined from Eqs. (2 · 6) and (2 · 7) in the case J = 0.
Similarly, the masses of the p, K*, cp and w mesons are obtained from Eqs. 
Equations (3 ·1 we assume (3·5) (3 ·6) Then the following results are obtained: 
where E~ is an eigenvalue of Eq. e3 · 4) in the limit of oM= 0. The GellMann-Okubo mass formula is obtained from e3 · 7) and e3 · 8) by eliminating oMs.
The assumption e3 · 6) will be satisfied approximately as in the case of the contact four-fermion interaction.13) But the assumption e3 · 5) will not be satisfied for a Ue3) singlet vector boson, because in the limit oM= 0 the equations for the n and X mesons are identical ec1 = C 2 = 1) and their eigenvalues (i.e. masses) are equal. Therefore, it can be considered that the assumption E~>E7r+oMs is satisfied when an octet boson is mediated or both Ue3) singlet and octet bosons are mediated. In the case of a Ue3) octet boson, however, the solution will not satisfy the condition that for both :r; and X in the limit oM= 0 the meson mass is smaller than twice the mass of an urbaryon, because the righthand side of the integral equations e3. 3) and e3. 4 ) have a different sign eel= -1/3, C 2 = 8/3) and one of the eigenvalues E~ or E~ e =E.,) will be larger than twice the urbaryon mass. In §5, we will discuss the case that there exist both Ue3) octet and singlet vector bosons.
Secondly, we consider the integral equations e2 ·12) ---ez ·19) with J = 1.
In the same way as in the spin singlet state, we obtain the following results (the approximations corresponding to (3 · 6) and the assumption EP=E~ in the limit of oM= 0 are used). From these relations, we can obtain the well-known mass relations which agree with the experimental data. The assumption Ep= E~ is automatically satisfied if we use only a U(3) singlet boson in the spin triplet case.
Thus by the qualitative analysis it seems that the masses of the spin singlet and triplet mesons can be obtained under some assumptions. Therefore, we are inClined to consider that the constructive force of the urbaryon-anti-urbaryon system can be obtained along the line of thought of the intermediary vector boson. There remains, however, the question whether an assumption such as (3 · 5) can be admitted from a physical point of view and whether, even if it is admitted, the masses of a spin singlet and triplet mesons can be obtained with common values of parameters. If we can determine consistently the quantities such as g 2 , f 2 and m, then it may be concluded that the constructive force of the composite mesons can be treated field-theoretically. Therefore, in the next section, the integral equations are solved numerically and then it is examined whether we can determine the quantities such as 0 Therefore, in order to realize the r;-meson mass together with those of rr and K, it is desirable that the boson The numerical analysis is carried out by using the F ACOM 231 computor at Kumamoto University. In §5, it is argued whether the above difficulty for the X meson can be removed by introducing some suitable values for f/ g and boson masses. However, the result seems negative in so far as the vector boson is used.
In this case, the integral equations (2 ·12 
The values of g 2 / 4n for which the above relations hold are much different from each other, and do not agree with those of the spin singlet state.
The value of the quantity (EK*-EP) is about 300MeV from the above figures and it is large compared with the experimental value. The difficulty will, however, be removed by choosing parameters suitably as in the case of the contact fourfermion intera.ction.
) §5. Some remarks and discussion
In this paper, in order to see whether the constructive force of the composite systems can be obtained fieldtheoretically along the line of thought of the intermediary vector boson,
11
) it has been examined whether the masses of the mesons can be explained by assuming that the constructive force between the urbaryon and anti-urbaryon is given by a vector boson. Then it has been found that we cannot obtain consistently the masses of the spin singlet and triplet mesons (n, K, r;, X and p, K*, q;, w), because the different kinds ( U(3) singlet and octet) of bosons must be used according to the spin of the mesons.
In the case of the spin triplet mesons (p, K*, ([' and w), the mass can be obtained if the intermediary vector boson is assumed to be U(3) singlet. In this case the boson mass has little effect on the meson masses.
The case is different for the spin singlet mesons (n, K, r; and x). As is seen from Figs. 1---3 , in the case of the U(3) octet boson the mass of the X meson cannot be obtained consistently with the mass of the n, K and 7J mesons. In the case of the U(3) singlet boson, the assumption (3 · 5) will not be satisfied because the integral equations (3 ·1) and (3 · 4) for the n and X mesons are identical in the limit oM= 0. Further, in the case of the coexistence of the U(3) singlet and octet bosons, it seems that the mass of the X meson cannot be obtained consistently with the mass of n, etc. In this case, the kernels are written as follows except for the common factor (2pq)- , q) is symmetric with respect to p and q, and K 2 (0, 0) =0). Therefore, even in this case it seems that the situation cannot be improved. In the case of the qualitative analysis given in §3, we made the assumption (3·5), i.e. E~~E'Tr+oM., but it seems not to be consistent with the condition that the mass of the X meson should be smaller than twice the urbaryon mass in the limit oM= 0 because the kernel for X cannot be made positive. A similar situation occurs in the case of the vector four-fermion interaction.
)
In connection_ with these points we remember the work of Nagasaki/ In the non-relativistic approach, it may be considered that the potential between the urbaryon and anti-urbaryon is super-strong, attractive and of the square-well (or nearly square-well) type. 10 ) In our spin singlet case (n, K and r;), the g constant of the super~strong interaction. Therefore, we calculate the average of the kinetic energy and of the square of momentum for the Then we obtain the tensor GPO" by
where c:. v are structure constants defined by
The tensor GPO" defined by -~ GPO"GO"), = o:~ is obtained as follows: c1z = cz1 = G56 = G65 = c7s = cs7 = 1 ; 6 ,.
Appendix II
In this appendix, we give concrete expressions for A, B and C. The kernel K(p, q) 1n the spin singlet state (except for the factor (2pq)- 
